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importance of maintaining carbohydrate availability for sustaining muscular endur- 
' carbohydrate at the right tim 


Carbohydrate Types 

The common monosaccharides all have six carbons, and while they vary only slightly 










































Gluconeogenesis 


































carbohydrate per kilogram of body mass, or between 20 and 40 kilocalories of carbo- 

would consume a total of 2,300 to 4,700 kilocalories per day. Following the same 
to 5,400 kilocalories just from carbohydrate each day, an amount that would be dif- 
4 kilocalories per gram). The generally recommended carbohydrate intake is based on 

There is no discemable amount of carbohydrate in meats, and only a small amount 
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ated and deliver the high volume of carbohydrates athletes require. 

Carbohydrates and Physical Activity 

Because physical activity dramatically increases the rate of energy expenditure, ath¬ 
letes must strategize in order to best supply the needed energy to achieve success. It 































































not exceed 30 grams (270 calories). Exceeding this amount dramatically increases the 
inherent limitations in contributing to total energy intake. 


Omega-3 fatty kids 

performance. According to Bucci,” these potential benefits include the following: 




























I Essential Amino Acids 










Protein Requirements 













weight or body profile 


• Vegetarian athletes who do not eat meat, fish, eggs, or dairy foods 

As mentioned earlier, we can derive energy (calories) from protein. However, burn¬ 
ing protein as a fuel is a bit like sprinkling your family diamonds on your breakfast 

Protein is so important for building and maintaining tissues and for making hor- 



sources of protein. 
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Vitamins and Minerals 









Vitamins 














































































































































related benefit can be claimed. However, the theoretical basis related to a reduction in 
of alpha-tocopherol is equivalent to approximately 1.5IU of vitamin E. 


take antibiotics that destroy the bacteria in the intestines to be at increased risk for 

cause jaundice. Supplemental doses also interfere with anticoagulant drugs. People 
vitamin K may reduce the effectiveness of their medication. 


















lipolysis (obtaining energy from fat), proteolysis (obtaining energy from protein), 
and the phosphagen system (obtaining energy from phosphocreatine). 60 Inorganic 

























race.” With the exception of athletes who are known to reduce total energy intake 
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the development of hyperte 


Hyponatremia 















































































































Fluids and Electrolytes 


high level of athletic performance is maintenance of fluid balance during 
tion state (with a resultant drop in blood volume) during training and 

fluids, athletes experience a degree of voluntary dehydration that has 
an inevitably negative impact on performance. Given the tremendous 
amount of heat that must be dissipated during exercise through sweat 




































can easily lose between 1 and 2 liters of fluid (via sweat) per hour. 

than 3 liters of fluid per hour. To protect athletes from placing themselves at increased 

ously considers environmental temperature and relative humidity to establish exercise 


Factors Affecting Fluid Loss 

ent temperatures result in a greater potential for sweat production. Higher humidity 
dient and skin is low, the cooling potential (i.e., the rate of evaporation off the skin) 













competing in a cool temperature of 50 to 54 degrees Fahrenheit (10 to 12 degrees 
percent of total body water. 10 


Factors Affecting Fluid Intake 














Gastric Emptying and Fluid Delivery to Working Muscles 











Type of Physical Activity High-intensity activity is associated with a slower gastric 
emptying rate than lower-intensity activity, but the differences are minor. Addition- 


Athlete Conditioning, Adaptation, and Age 
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Heat Cramps 

fluid and electrolyte imbalance caused by severe dehydration. They are most likely 

consume 16 ounces (480 milliliters) of a spores drink that has been supplemented 













Fluids and Electrolytes 
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Hyponatremia 
































Fluid Intake During Exercise 

maintenance of exercise performance and a slowing of the exercise-induced rise in 























Rectal temp (”C) with' and i 















Athletes who have exercised intensely for an hour or longer are likely to experience 





























trgoqenic Aids 










expensive and much more likely to be safe than that provided in botdes and pills. 
In short, ergogenic aids claim to enhance performance. The nutritional ergogenic 













A Brief History of Erqoqenic Aids 



these products that the buyer should beware. In general, athletes would do better to 
realistic approach by consuming a balanced intake of foods that provide sufficient 

Categories of Ergogenic Aids 

cal aids, physiological aids, nutritional aids, and psychological aids (see table 4.1). 
Some ergogenic aids, such as blood doping, erythropoietin (EPO), anabolic steroids, 
























taking a supplement outweigh the potential benefits. They may believe they are doing 


Carbohydrate As Crgogenit Aid 

run out before fat or protein runs out), it is critical to begin a bout of physical activ- 

for complete oxidation. 9 In addition, the storage capacity for fat is far greater than 

that for every gram of stored glycogen, the body stores approximately 3 grams of 























































ity and may also improve performance in more intense short-duration exercise. 38 40 




Carnitine (Typically L-(arnitine) 

was first discovered in muscles in the early 1900 . It is mainly involved in trans¬ 
it is most likely in vegetarians who avoid consumption of dairy products. With an 
tively expensive supplement. Although never tested, it is possible that pure vegans 

Carnitine is thought to spare muscle glycogen breakdown and decrease lactic 
endurance activities. 45 Some studies, however, have demonstrated a benefit in high- 
The typical dose is between 1 and 2 grams per day, but the safety of L-carnitine 







Omega-3 fatty Acids 



Medium-Chain Triglycerides 


which are among the most saturated fatty acids in human nutrition. MCTs have carbon 
lengths of 6 to 12 carbon atoms, while the majority of the triglycerides consumed 

allows these particular fats to be absorbed and metabolized differently. The liver 


• Help mobilize body fat stores for energy 






Ergogenic Choices 
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Part II 

Nutritional Aspects 

of Optimal Performance 



Digestion 
and Absorption 








distress, particularly when training and during competition. The mformation is pre- 

The Gastrointestinal (61) Tract 

and lymph for delivery to cells (e.g., absorption and transport). We are amazingly 

Mouth and Esophagus 

ultimately, lead to malnutrition. Given the predisposition of athletes to consume a 

ing activities (e.g., weightlifting) may predispose athletes to hiatal hernias that lead 
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See chapter 3 for additional information on gastric emptying and related i 


Small Intestine 

stomach), jejunum (middle), and ileum (closest to the large intestine). The liquid 
additional digestive processing and, for the first time in the GI tract, absorption into 































preexercise period is to make certain that blood sugar is maintained, that hydration 














Timing of Energy 
and Fluid Intake 

















Timing of Energy and Fluid Intake 


Intake for Performance Enhancement 




































same for lunch and dinner. Total caloric intake will remain the same, but the athlete 
will avoid sharp energy deficits and surpluses during the day. Besides the improved 

Considerations for Fluid Intake 































(arMyirite Ingestion Before [mdse 

session or competition to avoid low blood glucose. Two strategies can be followed: 


1. Ingestion of a carbohydrate-containing sports beverage using a sipping strategy, 
where approximately 2 to 4 ounces (60 to 120 milliliters) of beverage is con- 






















Timing of Energy a 


MohyJrite Replenishment After Cxercise 

Glycogen and fluids are usually, to a degree, depleted after exercise, and protein 

for the next bout of exercise. As glycogen becomes depleted, the enzyme glycogen 

carbohydrates as soon as physical activity ends. Ideally, the carbohydrate consumed 
glycemic carbohydrates for another 2 hours and finally medium to high-glycemic 
to 400 kilocalories from carbohydrate (50 to 100 grams) immediately after physical 
table 1.6 (Carbohydrate Requirement for Athletes, page 15). 


Carbohydrate Loading 

reduces the chance for premature fatigue, regardless of whether the sport is high 

an endurance competition to increase muscle glycogen storage. The general tech- 
safe strategy maximizes glycogen storage. (See figure 6.2 for a comparison of the 

glycogen stores. 

Seven-Day Taper 

The following tables provide an example of how the principles for maximizing carbo- 
if they typically train twice daily. You’ll notice that the food is spread out over six 








































little extra protein merely provides sor 

Three Days Before Competition 


on protein. Other activities during the day should also be reduced, with more time 
absolutely avoid becoming overheated or exhausted from any activity. Use table 6.4 
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Efficient Delivery 
/ of Oxy gen 










Oxygen Delivery and Cellular Utilization 

metabolic actions, and remove the by-products (including carbon dioxide) of the 


transfer for energy metabolism. The body uses a priority-based system for iron, with 


























Dilutional pseudoanemia 




























sports, and ages should regularly check their iron status via a blood test that measures 
athletes know if they should alter food intake or consume iron or other supplements 






















































Factors Influencing Energy Metabolism 


















system that most people are able to supply nutrients to the tissues that need them at 
abuse, or untreated illness will eventually have a negative impact on performance, a 






















factors Affecting 
Nutritional Needs 

































When Traveling 

















• Engage in social activity or exercise after the flight. This will help you get on 
2. For a large phase shift: 

from arriving as early as needed, so getting on the local schedule as quickly 

get on the local schedule more easily. 

The sooner you can eat and sleep on the schedule of your new destination, 

• Continue to eat and drink frequently before, during, and after travel. Creat- 

new environment. Bring some snacks with you to get started, and then find 

• Have more protein than usual. The stress associated with travel may slightly 

should continue to be carbohydrates. 


Travel Location 

can be found in virtually every grocery store, and there is bread everywhere you go. 
having a cup of coffee in the morning, you may be surprised (perhaps even shocked!) 



food and water supply is safe and familiar (you can adjust the quantities depending 
on your length of stay): 





Dealing With the Water Supply It doesn’t matter where the travel destination is, 

levels of bromide or fluoride in the water may, for instance, cause severe gut pain, 
are available. However, if bottled drinks are not easily available, you need a way to 

ages and a water filter to purify the water. The best water filters are those capable of 
These water filters are also at the top of the list of excellent inventions for the travel- 





































10 days at altitude and approximately 95 percent acclimatized by 45 days at alti 

:mpr to puu in the same level of oxygen. 

h altitude. A failure to properly acclimatize to the altitude is commonly referred 





























Meeting Energy and Nutrient Needs 


Energy expenditures of humans climbing Mount Everest average 2.5 to 3.0 times 
higher than at sea level. 27 It is easy to understand why weight loss from reduced energy 

studies indicate that athletes at high altitude do not shift their food selections away 






















The Female Athlete 





























































No Logic in School Eating Patterns 












The Older Athlete 




































Body Composition 
and Weight 






This chapter helps athletes understand weight loss and body composition issues so 
ratio for their sports. In addition, the chapter provides an up-to-date review of the 
athletes better understand what the vdues derived from these methods really mean. 















the heart, and other organs. Although 

which is below 10 percent. 3 Athletes typically have a higher fat-free mass and a lower 


Weight 














Body Composition and Weight 


which increases the weight-to-height ratio. BMI considers weight in relation to height 
using one of the following formulas: 

BMI = weight in kilograms divided by height in meters squared 
BMI = kg/m 2 

BMI = ([lb/in 2 ] X 703) 




















































Body Composition Estimation 


It is extremely difficult to determine body composition, with accuracy, by weighing 
much lean mass that they actually have a relatively high body fat percentage, and there 










Subjects weigh less in water than out of water because body fat (regardless of the 
in-water weight and out-of-water weight is a function of how much body fat the subject 
to land weight. Lung volume is measured before taking the “water weight,” and there 

person’s hydration status and residual volume, this technique is useful for determin- 


research in body composition have invested a great deal for the ei 

J Unfolds 





Bioelectrical Impedance Inalysis(Bli) 

in the lean mass. Fat, which has almost no water in it, is such a poor conductor of 
basic forms. In one form, the subject lies down and the right wrist and right ankle 






















DEXA works by passing twi 

the greater the reduction in X-ray intensity. Don’t be frightened by all this talk of 

800 full-body DEXA scans before being exposed to the same amount of radiation 
received from one standard chest X ray. In fret, the level of radiation is so low that 
DEXA is approved by the FDA as a screening device to predict body composition. 

of radiation they impart, but not so for DEXA. 

ofSSSS be ^^The^^ctU^AeD 1 ^ ubkf^appro^S 
20 minutes, and the pencil-beam X rays pass through the subject and are 

subject is asked to remove all jewelry i 

can find a lab with DEXA, the usual cost for a full-body scan is somewhere between 


Changes in Body Composition 

















for each decade after age 30, it gets progressively more difficult to maintain 
would have to make either a 2 percent increase in energy expenditure or a 

this and don’t make an adjustment, that represents a 50-calorie error of excess 
per year. Since an excess of 3,500 calories represents a 1-pound weight gain, 
weight gain of more than 5 pounds (2.3 kilograms). In 5 years, that’s a weight 

• Gender. All other things being equal, women have a higher body fat percentage 

tion for your sport 

will reduce body fat percentage. High-intensity activity (such as performed by 
percentage, so the impact on weight may be minimal. Nevertheless, this shift 





zinc, iron, and so on) may reduce your ability to properly burn fuel, thereby 

Body Composition Assessment Issues 














Body Composition and Weight 
























• Preoccupation with food 

• Frequently stated concerns about being fat 

• Frequent criticism about the eating patterns of te 

• Complaints about feeling cold 

• Use of laxatives 

Anorexia Nervosa and Anorexia Athletica 


of becoming fat, x 


weight that pla 
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PartIV 

Nutritional Strategies for 
Specific Energy Systems 





Anaerobic Metabolism 
for Nigh-Intensity 
Bursts and Power _ 


Athletes in power events such as weightlifting, hammer throw, and shot 
put must maximize their potential for success by improving muscular 

athletes in power sports follow training regimens that increase their 
or enlarging this mass. These athletes must consume enough energy so 

are in greatest need. Some power sports require “making weight,” while 
weight loss or weight gain should always value the maintenance or 




Nutrition Tatties for Power Athletes 














Anaerobic Metabolic Pathways 



Phosphocreatine (Phosphagen) System 











support their muscle mass. Keeping this in mind, baseball players must consider the 
As a primarily summer sport, baseball is often played in a hot and humid environment. 

so will lead to a progressive reduction in total body water with a concomitant reduc- 
more prone to injury by reducing mental function (poor hydration is associated with 

Baseball players (particularly pitchers) are known to experience a reduction in peak 



















maintain muscular power (both in the legs and arms) by maximizing glycogen storage 


general tapering of a 


high carbohydrate and fluid intaki 




Bodybuilding 
































place bodybuilders at nutrition risk. Consumption of low-fat, high-carbohydrate, 












Football (American) 

Football is the epitome of an anaerobic sport, with the length of plays almost never 

































































carbohydrate ingestion.* It was concluded that individual performance differences 

of the muscle glycogen in the quadriceps muscles was burned during a single game . 47 
possible for muscle glycogen to become depleted on an inadequate carbohydrate 

















High-intensity activity causes body temperature to rise quickly , with a concomitant rise in 
sweat rate. This fact, plus the amount of equipment worn by hockey players, places 

and take every opportunity to consume fluids during and after the game. Given 

Track and Field (Sprints, Jumps, and Throws) 













definition, a sprint requires the fastest possible movement over a short prescribed 


sprints an athlete is capable of performing and might also improve the maximal time 

wagon. For instance, these studies did not evaluate the energy intake adequacy of the 




















rercise performance . 59 The desire for higher-fat foods from meats and dairy prod- 
nsory appeal of fat-containing animal products, even when undergoing a high level 


early morning and late afternoon (before and after school), and they generally accept 
a chance of improving. The problem, therefore, is ensuring that swimmers consume 

into the water. This means that the focus, during practice and swim competitions, 
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Aerobic Metabolism 
for Endurance _ 


rarely consume beverages every 5 kilometers during training, although 

sustain blood volume and sweat rates. In addition, the chapter provides 
ecognize the best products in a variety of different 






Nutrition Tactics 











Aerobic Metabolic Pathways 

Aerobic metabolic pathways are the means we have for obtaining energy from fuels 


produces energy, carbon dioxide, and water: 

[Glucose = C6H1206] 
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sven in the absence of thirst, to reduce the chance of dehydration. Consumption ol 
ibsorpdon and for maintaining the drive to drink 









Amenorrhea is strongly associated with a loss in bone density and an in 
the athlete at higher osteoporosis risk later in life. 


A Sampling of Sports Relying on Aerobic Metabolism 







Inadequate energy intake is a red flag that the intake of vitamins and minerals may 
also be low. A study comparing the nutrient intakes of trained female runners who 

differences between these groups, despite being matched on height, weight, training 
intakes well below the recommended level of intake and lower than those found in the 


that high-carbohydrate diets, which are preferred for optimal performance, make 
a lower caloric density than high-fat foods. Therefore, athletes should concentrate 































cycling and running stages, provided that the athlete maintained a good hydration 









































































Metabolic Needs 
for Both Power 
and tndurance 




Nutrition Tactics for Sports 
Requiring Power and Endurance 


































A Sampling of Sports Relying on a Combination 
of Anaerobic and Aerobic Metabolism 



















optimal glycogen storage. Optimizing glycogen storage is critical for basketball per- 
complaint of coaches is that they find it difficult to keep the weight of many players 
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Nutritional Plans 
for Specific Sports 



Sports Requiring Power 


























4,000 Calorie I 







Requiring Endurance 

























4,000 Calorie I 






Sports Requiring 
Combined Power 
lu and Endurance 


Team sports such as soccer and basketball, and individual sports such as 

with a need for sufficient calories to endure long and frequent practices, 
sports, team sports often have natural “breaks” during practices and 





About the Eating Plans in This Chapter 
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M/INCED SPORTS NUTRITION 



Athletes and coaches are continually seeking ways to maximize efforts in 
both training and performance. Advanced Sports Nutrition provides the best 
research- and results-based information and advice that athletes need to 
gain an edge physically. 

presents cutting-edge nutritional concepts tailored for application by athletes 
in any sport. World-renowned sports nutritionist Dr. Dan Benardot breaks 
down the chemistry of improved performance into winning principles that 
ensure an athlete's key energy systems are properly stocked at all times: 

• Time meals, snacks, fluids, training, and performances to maintain 
that crucial energy balance throughout each day. 

• Digest optimal ratios and quantities of energy nutrients, vitamins, 
and minerals for any sport. 

• Consume the right amount of fluid and electrolytes to avoid 
dehydration and hyperhydration. 

• Identify and maintain a body composition capable of maximal power 
output with minimal excess weight for specific sports. 

• Understand the effects of travel, high altitude, and age on nutritional 

The best conditioning regimens and technical instruction are beneficial 
only if the body's engine is properly fueled and ready to operate at peak 
efficiency. Use Advanced Sports Nutrition to ensure that your body is running 
on the highest-grade fuel every time you train or compete. 
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